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TITLE 

ANGIOGENESIS-INHIBITORY TRIPEPTIDES, COMPOSITIONS 
AND THEIR METHODS OF USE 

5 FIFLD OF THE INVENTION 

The present invention relates to methods of use and compositions 
for inhibiting endothelial cell tube formation, the initial step of tumor 
angiogenesis, and angiogenesis-dependent deseases in tissue, animals 
and humans. More particularly, the present invention relates to a 

10 tripeptide, its analogues, mimetics and chemical derivatives that show 
inhibition of angiogenesis-mediated processes such as cancer, ocular 
neovascularization, and inflammatory diseases. Anti-angiogenesis agents 
disclosed can be also used in conjunction with surgery, chemotherapy, 
radiotherapy, and laser therapy. 

15 

RAP.KOROUND OF THF INVENTION 
Angiogenesis is the development of new blood vessels from 
preexisting blood vessels (Mousa, S. A., In Angiogenesis Inhibitors and 
Stimulators: Potential Therapeutic Implications, Landes Bioscience, 

20 Georgetown, TX; Chapter 1, (2000)). Physiologically, angiogenesis 

ensures proper development of mature organisms, prepares the womb for 
egg implantation and plays a key role in wound healing. On the other 
hand, angiogenesis supports the pathological conditions associated with a 
number of disease states such as cancer, inflammation and ocular 

25 diseases. 

The development of vascular networks during embryogenesis or 
normal and pathological angiogenesis depends on growth factors and 
cellular interactions with the extracellular matrix (Breier et al., Trends in 
Cell Biology 6:454-456 (1996); Folkman, Nature Medicine 1:27-31 (1995); 

30 Risau, Nature 386:671-674 (1997)). Blood vessels arise during 

embryogenesis by two processes: vasculogenesis and angiogenesis 
(Blood et al., Bioch. Biophys. Acta 1032:89-1 18 (1990)). Vascular 
endothelial growth factor (VEGF), bFGF, IL-8 and TNF-a are some of the 
growth factors that play a role in pathological angiogenesis associated 

35 with solid tumors, diabetic retinopathy and rheumatoid arthritis (Folkman 
et al., Science 235:442-447 (1987)). Angiogenesis is generally absent in 
adult or mature tissues, although it does occur in wound healing and in 
embryogenesis (Moses et al., Science 248:1408-1410 (1990)). 
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Angiogenesis or "neovascularization" is a multi-step process 
controlled by the balance of pro- and anti-angiogenic factors. The latter 
stages of this process involve proliferation and the organization of 
endothelial cells (EC) into tube-like structures. Growth factors such as 
FGF2 and VEGF are thought to be key players in promoting endothelial 
cell growth and differentiation. The endothelial cell is the pivotal 
component of the angiogenic process and responds to many cytokines 
through its cell surface receptors and intracellular signaling mechanisms. 
Endothelial cells in culture are capable of forming tube-like structures that 
possess lumens. Therefore, endothelial cells are not only a prerequisite 
for neovascularization, but appear to be the basal structural requirement 
as well. 

Angiogenesis-dependent diseases include the following: 
inflammatory disorders such as immune and non-immune inflammation, 
rheumatoid arthritis, psoriasis; ocular disorders such as diabetic 
retinopathy, neovascular glaucoma, retinopathy of prematurity, age- 
related macular degeneration, corneal graft rejection; and cancer 
associated disorders such as solid tumors, tumor metastases, and blood 
born tumors such as leukemia, angiofibroma, kaposi sarcoma, benign 
tumors, as well as other cancers, which require neovascularization to 
support tumor growth. 

It has been proposed that inhibition of angiogenesis would be a 
useful therapy for restricting tumor growth. Inhibition of angiogenesis can 
be achieved by inhibiting endothelial cell response to angiogenic stimuli as 
suggested by Folkman et al., (Cancer Biology 3:89-96 (1992)), where it 
described examples of those endothelial cell response inhibitors such as 
angiostatic steroids, fungal derived products such fumagilin, platelet factor 
4, thrombospondin, alpha-interferon, vitamin D analogs and D- 
penicillamine. For additional proposed inhibitors of angiogenesis, see 
Blood et. al, Bioch. Biophys. Acta 1032:89-118 (1990); Moses et al., 
Science 248:1408-1410 (1990); and United States Patent numbers 
5,092,885, 5,112,946, 5,192,744 and 5,202,352. 

In 1997, Kefalides and co-workers at the Connective Tissue 
Research Institute of the University of Pennsylvania, Department of 
Medicine, reported that the peptide corresponding to the residue 
sequence 185-203 of the noncollagenous 1 (NC1) domain of the a3-chain 
of basement membrane collagen type IV inhibited the activation of 
polymorphonuclear leukocytes (PMN's) (Han et al., J. Biol. Chem. 
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272:20395-20401 (1997)). It was found that the peptide a3(IV) residues 
185-203 having the sequence CNYYSNSYSFWLASLNPER (SEQ ID 
NO:1) promoted adhesion of human melanoma cells by 50-60% over 
controls and also inhibit their proliferation by 40%. Alanine substitution 
5 through the peptide sequence indicated that the observed activities were 
dependent on the presence of residues 189-191 , referred to as the SNS 
sequence. The Kefalides group later reported the inhibition of melanoma 
cell proliferation by type IV collagen requires increased levels of cAMP 
(Shahan et al., Connective Tissue Res. 40:221-232 (1999)), the 
10 identification of CD47/integrin-associated protein (IAP) and av(53 as two 
receptors for the a3(IV) chain of type IV collagen on melanoma and 
prostrate cells (Shahan et al., Cancer Res., 59:4584-4590 (1999)). More 
recently, they have reported the Ca 2+ dependency in tumor cell 
chemotaxis (Shahan et al., J. Biol. Chem. 275:4796-4802 (2000)) as well 
15 as the inhibition of expression and activation of matrix metalloproteinase 
by the NC1 domain of type IV collagen (Pasco et al., Cancer Res. 
60:467-473 (2000)). 

Independently, Kalluri's group from the Harvard Medical School has 
also reported the characterization of the two different types of anti-tumor 
20 activities (anti-proliferation and anti-angiogenic) of a3(IV) NC1 domain 
using both in vitro and in vivo assays (Maeshima et al., J. Biol. Chem. 
275:21340-21348 (2000)). Collectively, these reports effectively highlight 
the distinct and unique anti-tumor properties of the a3(IV) NC1 domain 
and its potential use as a lead for small molecule, anti-tumor drug design. 
25 Absent from these reported results is the identification of a smaller 

recognition epitope that retains the activities of the larger peptides. The 
problem to be solved, therefore, is to provide the identification of a small 
recognition epitope which would be the crucial step in providing a template 
for structure-based drug design strategies towards small molecule 
30 analogues or peptidomimetics. Such small molecules would include cyclic 
peptides and peptide isosteres with preferable physiochemical and 
pharmacokinetic properties that intervene in angiogenesis-dependent 
diseases such as cancer. 

35 .SUMMARY OF THE INVENTION 

The invention is directed toward an angiogenesis-inhibitory 
tripeptide of formula aa1-aa2-aa3, having a first amino acid (aa1), a 
second amino acid (aa2) and a third amino acid (aa3), wherein, 
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(a) said first amino acid is selected from the group consisting 
of Ser, Thr, Ala, Phe, Tyr, Cys, Gly, Leu, Lys, Pro, Arg, 
Gin, Glu, Asp, Asn, His, Met, lie, Trp, Val, 
diaminoproprionic acid and frans-4-hydroxy-proline; 
5 (b) said second amino acid is selected from the group 

consisting of Asn, Ala, Gly, Asp, Glu, Gin 
diaminoproprionic acid and frans-4-hydroxy-proline; and 
(c) said third amino acid is selected from the group consisting 
of Ser, Thr, Ala, Phe, Tyr, Cys, Gly, Leu, Lys, Pro, Arg, 
10 Gin, Glu, Asp, Asn, his, met, He, Trp, Val, 

diaminoproprionic acid and fA-ans-4-hydroxy-proline. 
Methods of inhibiting angiogenesis by administering the tripeptide 
are also provided. 

15 RRIFF DESCRIPTION OF TH E DRAWINGS 

The following drawings are illustrative of embodiments of the 
invention and are not meant to limit the scope of the invention as 
encompassed by the claims. 

Figure 1 illustrates the effect of SNS in inhibiting the human 
20 endothelial cell tube formation induced by fibroblast growth factor basic 
(FGF2). 

Figure 2 illustrates the effect of SNS in inhibiting FGF2-induced 
angiogenesis in the chorioallantoic membrane (CAM) model. 

Figure 3 illustrates the percent inhibition of TSU-Pr (human 
25 prostrate) tumor growth in the presence of SNS. 

Figure 4 illustrates the anti-angiogenic effect of SNS tripeptide 
analogues in human endothelial tube formation and the CAM model. 

Figure 5 illustrates the anti-angiogenic effect of SNS tripeptide 
analogues in the CAM model. 

30 

DFTAII.ED DESCRIPTION OF T HE INVENTION 
Applicants have solved the stated problem by providing as a small 
recognition epitope, a three amino acid residue peptide, i.e. a tripeptide, 
that inhibits endothelial cell tube formation and shows inhibition of 
35 angiogenesis-mediated processes. Methods of use of the tripeptide are 
also provided. 
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The term "tripeptide" as used herein, is intended to mean a peptide 
having athree amino acid residues, and includes any of the analogues, 
peptide mimetics, and chemical derivatives discussed herein. 

As used herein, the term "peptide" is intended to mean two or more 

5 amino acid residues covalently bonded together. A peptide of the 

invention includes polypeptides having several hundred or more amino 
acid residues. Usually, the covalent bond between the two or more amino 
acid residues is an amide bond. However, the amino acids can be joined 
together by various other means known to those skilled in the peptide and 

10 chemical arts. Therefore, the term "peptide" is intended to include 

molecules which contain, in whole or in part, non-amide linkages between 
the amino acids, amino acid analogues and mimetics. Similarly, the term 
also includes cyclic peptides and other conformationally constrained 
structures. 

15 

SNS and SQS Tripeptides 

The tripeptide of the instant invention has three amino acid 
residues that render angiogenesis inhibitory action in tissue, animals, and 
individuals. 

20 One preferred tripeptide of the instant invention is characterized by 

the sequence serine-asparagine-serine, depicted in Structure 1 , also 
represented by Ser-Asn-Ser, also abbreviated in single letter amino acid 
code as and referred to hereinafter as "SNS". The preferred amino acids 
are levorotatory forms and the amino-terminus is capped with an acetyl 

25 group and the carboxy-terminus is capped with carboxamide. 

(Structure 1) 
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Another preferred embodiment of the instant invention is Ser-Gln- 
Ser also abbreviated in single letter amino acid code as SQS, wherein 
the amino acids are levorotatory forms and the amino-terminus is capped 
with an acetyl group and the carboxy-terminus is capped with 
carboxamide. 



Additional embodiments of the tripeptide of the instant invention are 
analogues, peptide mimetics, and chemical derivatives of Ser-Asn-Ser 
such that the tripeptide contains additional chemical moieties or modified 
amino acids not normally part of a naturally occuring protein, as will be 
5 discussed further herein. 

The term "capped" refers to the addition of a group on the amino- 
or carboxy-terminus of the tripeptide. The termini of the tripeptide of the 
present invention are preferably blocked or "capped" with an acetyl group 
(CH3CO-) bound to the N-terminal amino group and an amido (-NH 2 ) 
10 group bound to the C-terminal carboxyl group of the tripeptide of the 

invention; which is also abbreviated as "carboxamide". The tripeptide can 
be capped with any other group. 

In this disclosure, a number of abbreviations are used. The 
following definitions are provided. 
!5 "Endothelial cell" is abbreviated EC. 

"Fibroblast growth factor basic" is abbreviated FGF2. 
"Chorioallantoic membrane" is abbreviated CAM. 
"Vascular endothelial growth factor" is abbreviated VEGF. 
"rrans-4-Hydroxyproline" is abbreviated t4Hyp. 
20 "1-Hydroxybenztriazole" is abbreviated HOBt. 

"2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium 

hexafluorophosphate" is abbreviated HBTU. 

"Diisopropylethylamine" is abbreviated DIEA. 
"Dimethylforamide" is abbreviated DMF. 
25 "Trifluoroacetic acid is abbreviated TFA. 

"Triisopropylsilane" is abbreviated TIS. 

"Human umbilical vein endothelial cells" is abbreviated HUVEC. 
"Endothelial Cell Growth Medium" is abbreviated EGM. 
"Endothelial Cell Basal Medium" is abbreviated EBM. 
30 "Bovine serum albumin" is abbreviated BS. 

"9-Fluorenylmethyloxycarbonyl" is abbreviated FMOC. 



General Chemical Synth esis Methods 

Given their short length, the tripeptides of the present invention are 
35 preferably prepared using solid-phase synthesis, such as that generally 
described by Chan et al., (In FMOC Solid Phase Peptide Synthesis: A 
Practical Approach, Oxford University Press; Chapter 3 (2000)), although 
other equivalent chemical syntheses known in the art are also useful 
6 



(Merrifield J. Amer. Chem. Soc. 85:2149-54 (1963)). Solid-phase peptide 
synthesis may be initiated from the C-terminus of the peptide by coupling 
a protected a-amino acid to a suitable resin. Such a starting material can 
be prepared by attaching an a-amino acid-protected amino acid by an 
5 ester linkage to a chloromethylated resin or to a hydroxymethyl resin, or 
by an amide bond to a BHA resin or MBHA resin. BHA and MBHA resin 
supports are commercially available and are generally used only when the 
desired polypeptide being synthesized has an unsubstituted am.de at the 
C-terminus. 

10 The amino acids can be coupled to the growing peptide chain using 

techniques well known in the art for the formation of peptide bonds. For 
example one method involves converting the amino acid to a derivative 
that will render the carboxyl group of the amino acid more susceptible to 
reaction with the free N-terminal amino group of the growing peptide 
15 chain Specifically, the C-terminal of the protected amino acid can be 

converted to a mixed anhydride by the reaction of the C-terminal with ethyl 
chloroformate, phenyl chloroformate, sec-butyl chloroformate, isobutyl 
chloroformate, or pivaloyl chloride or other similar acid chlorides. 
Alternatively the C-terminal of the amino acid can be converted to an 
20 active ester, such as a 2,4,5-trichlorophenyl ester, a pentachlorophenyl 
ester, a pentafluorophenyl ester, a p-nitrophenyl ester, a N- 
hydroxysuccinimide ester, or an ester formed from 1- 
hydroxybenzotriazole. Another coupling method involves the use of a 
suitable coupling agent, such as N,N'-dicyclohexylcarbodiimide or N,N'- 
25 diisopropylcarbodiimide. 

The a-amino group of each amino acid employed in the peptide 
synthesis must be protected during the coupling reaction to prevent side 
reactions involving their active a-amino function. Certain amino acids 
contain reactive side-chain functional groups (e.g., sulfhydryl, ammo, 
30 carboxyl, and hydroxy!) and such functional groups must also be 

protected with suitable protecting groups to prevent a chemical reaction 
from occurring at either (1) the a-amino group site or (2) a reactive s.de 
chain site during both the initial and subsequent coupling steps. 

In the selection of a particular protecting group to be used in 
35 synthesizing the peptides, the following general rules are typically 

followed. Specifically, an a-amino protecting group (1) should render the 
a-amino function inert under the conditions employed in the coupling 
reaction, (2) should be readily removable after the coupling reaction under 



conditions .hat wii, not remove side-ohain protectang groups and w o, 
alter the structure of the peptide fragment, and (3) should subsantaally 
deduce the possibility of racemization upon activation, immed.ately pnor to 

s ""'''on the other hand, a side-chain protecting group (1) should render 
tne side chain functional group inert under the conditions employed ,r , he 
coupling reaction, (2) should be stable under.he condrton. empoyed ,n 
removing the a-amino protecting group, and (3) should be read y 
removable from the desired fully-assembled peptide under reactaon 
0 conditions that will not alter the structure of the peptide cha.n 

,« will be apparent to those skilled in the art that the P«g 
gr0 ups known to be useful for peptide synthesis vary in reactivity with the 
agents employed for their removal. For example, certa.n protectang 
outs, such as triphenylmethy. and 2-(p-bipbeny.,isop.pyloxycarbonyl, 

, 5 are very labile and can be cleaved under mild acid cond,t,ons. Other 
p otectang groups, such as r-butyloxycarbonyl (BOC), r-amyloxycarbony , 
adamantyl oxycarbonyl. and p-methoxybenzyloxycarbony.are less lab„e 
and require moderately strong acids for their removal such as 
trifluoroaoetic, hydrochloric, or boron trifluoride ,n acebc add. Stall other 
20 protecting groups, such as benzyloxycarbonyl (CBZ) 
halobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, and 
isopropyloxycarbonyl, are even less labile and require even stronger 
acids such as hydrogen fluoride, hydrogen bromide, or boron 
trifluoroacetate in trifluoroaoetic acid, for their removal. 

Among the classes of amino acid protecting groups useful for 
protecting the a-amino group or for protecting a side chain group are 

r"a:t" 9 roup, three typica, classes of protecting groups are: 
(a) aromatic urethane-type protecting groups, such as 
fiuorenylmethyioxycarbonyl (FMOC), CBZ, and substituted CBZ, 
such as p-chlorobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, p- 
bromobenzyloxycarbonyl, and p-methoxybenzyloxycarbonyK o- 
chlorobenzyloxycarbonyl, 2,4-dichlorobenzyloxycarbonyl, 2,6- 
dichlorobenzyloxycarbonyl, and the like; 
35 (b) aliphatic urethane-type protecting groups, such as BOC, f- 

amyloxycarbonyl, isopropyloxycarbonyl, 2-(p- 
biphenyl)isopropyloxycarbonyl, allyloxycarbonyl and the l.ke; and 
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(c) cycloalkyl urethane-type protecting groups, such as 
cyclopentyloxycarbonyl, adamantyloxycarbonyl, and 
cyclohexyloxycarbonyl. 

The preferred a-amino protecting groups are BOC and FMOC. 
5 (2) For the side chain amino group present in Lys, protection may be by 
any of the groups mentioned above in (1) such as BOC, 2- 
chlorobenzyloxycarbonyl and the like. 

(3) For the guanidino group of Arg, protection may be provided by nitro, 
tosyl, CBZ, adamantyloxycarbonyl, 2,2,5,7,8-pentamethylchroman-6- 

10 sulfonyl, 2,3,6-trimethyl-4-methoxyphenylsulfonyl, or BOC groups. 

(4) For the hydroxyl group of Ser or Thr, protection may be, for example, 
by f-butyl; benzyl (BZL); or substituted BZL, such as p-methoxybenzyl, 
p-nitrobenzyl, p-chlorobenzyl, o-chlorobenzyl, and 2,6-dichlorobenzyl. 

(5) For the carboxyl group of Asp or Glu, protection may be, for example, 
15 by esterification using such groups as BZL, f-butyl, cyclohexyl, 

cyclopentyl, and the like. 

(6) For the imidazole nitrogen of His, the benzyloxymethyl (BOM) or tosyl 
moiety is suitably employed as a protecting group. 

(7) For the phenolic hydroxyl group of Tyr, a protecting group such as 
20 tetrahydropyranyl, ferf-butyl, trityl, BZL, chlorobenzyl, 4-bromobenzyl, 

and 2,6-dichlorobenzyl are suitably employed. The preferred protecting 
group is bromobenzyloxycarbonyl. 

(8) For the side chain amino group of Asn or Gin, xanthyl (Xan) is 
preferably employed. 

25 (9) For Met, the amino acid is preferably left unprotected. 

(10) For the thio group of Cys, p-methoxybenzyl is typically employed. 

The first C-terminal amino acid of the growing peptide chain, e.g., 
Glu is typically protected at the a-amino position by an appropriately 
selected protecting group such as BOC. The BOC-Glu-( Y -cyclohexyl)-OH 
30 can be first coupled to a benzylhydrylamine resin using 

isopropylcarbodiimide at about 25 °C for two hours with stirring or to a 
chloromethylated resin. Following the coupling of the BOC-protected 
amino acid to the resin support, the a-amino protecting group is usually 
removed, typically by using trifluoroacetic acid (TFA) in methylene chloride 
35 or TFA alone. The a-amino group de-protection reaction can occur over a 
wide range of temperatures, but is usually carried out at a temperature 
between about 0 °C and room temperature. 
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Other standard a-amino group de-protecting reagents, such as HCI 
in dioxane, and conditions for the removal of specific a-amino protecting 
groups are within the skill of those working in the art. Follow,ng the 
removal of the a-amino protecting group, the unprotected a-amino group, 
generally still side-chain protected, can be coupled in a stepwise manner 
in the intended seguence. 

Each protected amino acid or amino acid seguence is usually 
introduced into the solid-phase reactor in amounts in excess of 
stoichiometric quantities, and the coupling is suitably carried out in an 
organic solvent, such as dimethylformamide (DMF), methylene chloride or 
mixtures thereof. If incomplete coupling occurs, the coupling procedure ,s 
customarily repeated before removal of the N-amino protecting group in 
preparation for coupling to the next amino acid. Following the removal of 
the a-amino protecting group, the remaining a-amino and s,de-cha,n- 
protected amino acids can be coupled in a stepwise manner ,n the 
intended sequence. The success of the coupling reaction at each stage 
of the synthesis may be monitored. A preferred method of monitonng the 
synthesis is by the ninhydrin reaction. The coupling reactions can also be 
performed automatically using well-known commercial methods and 
devices, for example, a Beckman 990 Peptide Synthesizer. 

Upon completion of the desired peptide sequence, the protected 
peptide must be cleaved from the resin support, and all protecting groups 
must be removed. The cleavage reaction and removal of the protecting 
groups is suitably accomplished concomitantly or consecutively with de- 
protection reactions. When the bond anchoring the peptide to the resm ,s 
an ester bond, it can be cleaved by any reagent that is capable of 
breaking an ester linkage and of penetrating the resin matrix. One 
especially useful method is by treatment with liquid anhydrous hydrogen 
fluoride. This reagent will usually not only cleave the peptide from the 
resin but will also remove all acid-labile protecting groups and, thus, w,ll 
directly provide the fully de-protected peptide. When additional protecting 
groups that are not acid-labile are present, additional de-protection steps 
1st be carried out. These steps can be performed either before or after 
the hydrogen fluoride treatment described above, according to specific 
35 needs and circumstances. 

When a chloromethylated resin is used, the hydrogen fluoride 
cleavage/de-protection treatment generally results in the formation of the 
free peptide acids. When a benzhydrylamine resin is used, the hydrogen 
10 
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fluoride treatment genera,, resutts in the free peptide 

orotecting groups, the protected peptide-resin oan be sub.ected to 
Z « is. thus yielding a protected peptide in which the C-term,nal 
Tarboxyl group is methylated. This methyl ester can be subsequently 
hydro y ed under mild alkaline conditions to give the free C-termma, 
ca oxyTgroup. The protecting groups on the peptide chain can then be 
amove by treatment with a strong acid, such as liquid hydrogen luor.de. 
A particularly useful technique for methanolysis is that ,n wh,ch the 
Xed peptide-resin is treated with methanol and potass.um cyan.de ,n 

" ^^STSLng a protected peptide from the resin when 
can be hydrolyzed to the free C-.erminal carboxyl mo.ety, and he 

using chromatographic techniques, such as preparative HPLC (mclud.ng 
hocB 11 pi n eel permeation, ion exchange, partition 

columns) and the like, or other conventional techn.ques such as 
^Z^^^« — n may also be prepared 
using recombinant DNA technology. 

— ^SThe term •■amino acid" is intended to mean both 
natural occurring and non-naturally occurring amino acids, as we las 
amino acid analogues and mimetics. Naturally occurring ammo acds 
2 ude e 20 L) amino acids utilized during protein biosynthes.s as we,, 
as others such as, 4-hydroxypro,ine, hydroxyzine, desmosme, 
so Ismosine, homocysteine, citrulline and orthinine. Non-naturally 
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occurring amino acids induce, for exampie, (D)-amino acids, norleucine, 
norvaline, p-fluorophenylalanine, ethionine and the like. 

As used herein, amino acid "analogues" or peptide "analogues 
inolude modified forms of naturally and non-na.urally occurring amino 
5 acids Such modifications can inciude, for example, substitution or 
Sacement of chemica. groups and moieties on the amino acd or by 
Hprivitization of the amino acid. 

"eluded in this invention are tripeptides in which a, least one ammo 
acid residue varies from the tripeptide of formula (1) (Ser-Asn-Ser). For a 
,0 detailed description of protein chemistry and structure, see Schufc G .JE 
et al in Principles of Protein Structure, Springer-Verlag, New York, 1979, 
and Creighton, T. E., In Proteins: Structure and Motecuter Pnnaptes. W. 
H Freeman & Co., San Francisco, 1984. The types of substitutions which 

15 Mention may be conservative substitutions and are defined 

exchanges within one of the following groups. However, the instant 
invention is not limited to these substitutions. 

(1) D-amino acids for L-amino acids 

(2) Small aliphatic, nonpolar or slightly polar residues: e.g., Ala, 
20 Ser, Thr Gly;^ ^ ^ ^ . g Asp , 

Asn, Glu, Gin; 

(4) Polar, positively charged residues: e.g., His, Arg, Lys, 
Even where it is difficult to predict the exact effect of a substitution 
25 in advance of doing so, one skilled in the art will appreciate^ '^ effect 
can be evaluated by routine screening assays, preferably the biological 
assays described below. Modifications of peptide properties including 
ed xor thermal stability, hydrophobicity, susceptibility to proteovc 
degradation or the tendency to aggregate with carriers or ,n.o multimers 
30 are assayed by methods well known to the ordinarily skilled artisan. 

Those skilled in the art know or can determine what structures 
constitute functionally equivalent amino acd analogues. 



£ — Sachemic alderivatives-otthetripeptideofthe 
present invention contain additional chemical moieties not normaUy a part 
of the tripeptide. Covalent modifications of the tripeptide are ,nc uded 
within the scope of this invention. Such modifications may be introduced 
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into the molecule by reacting targeted amino acid residues of the peptide 
with an organic derivatizing agent that is capable of reacting with selected 
side chains or terminal residues. 

The amino and carboxyl termini are preferably blocked or capped 
with acetyl (CH3CO-), bound to the ammo-terminal N and amido (-NH 2 ) 
bound to the C-terminal carboxyl group; also abbreviated as 
"carboxamide", but can be readily capped with any other group. Jud.c.ous 
choice of capping groups allows the addition of other activities to the 
peptide For example, the presence of a sulfhydryl group linked to the N- 
or C-terminal cap will permit conjugation of the derivatized peptide to other 
molecules. Some amino-terminal capping groups are compounds 
selected from the group consisting of acetyl, benzoyl, alkylsulfonyl, 
arylsulfonyl, alkylaminoacyl, arylaminoacyl, formyl, peptide and polymer. 
Examples of carboxy-terminal groups are compounds selected from the 
group consisting of NH 2 , OH, and NHR, wherein R is selected from the 
group consisting of alkyl, aryl, peptide and polymer. 

The capped peptides are examples of preferred chemical 
derivatives of the natural (L-amino acid configuration) uncapped pept.de. 
Any of the above combination of analogues or chemical derivatives may 
be capped with any of the capping groups disclosed here.n. 

Amino Acid and Peptide Mimetics 

As used herein, an "amino acid mimetics", include, for example, 
organic structures which exhibit functionally similar properties such as 

; charge and charge spacing characteristic of the reference ammo ac.d 
Mimetics also include constrained structures so as to maintain optimal 
spacing and charge interactions of the amino acid or of the ammo ac.d 
functional groups. Those skilled in the art know or can determine what 
structures constitute functionally equivalent amino ac.d mimetics. 

0 As used herein, a "peptide mimetic" or peptidomimetic is an organic 

molecule that retains similar peptide chain pharmacophore groups as are 
present in the corresponding peptide. Peptide mimetics also can be 
functional equivalents of the particular peptide. The SNS tripept.des of 
the invention can be grouped based on the pharmacophore propert.es. 

l5 As used herein, the term "pharmacophore" is defined as a particular 
arrangement of functional groups that is required for a compound to 
produce a particular response or have a desired act.v.ty. 
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A preferred peptide mimetic compound of the invention is one that 
mimics the biological effect of SNS, capped or uncapped. A 
peptidomimetic agent may be an unnatural occurnng peptide (D-am,no 
add configuration) or a non-pep.ide agent which has the stereochemical 
p operties of the tripeptide of the present invention, capped or uncapped, 
such that it has the binding activity or biological activity o, the tnpeptide of 
the present invention, capped or uncapped. 

Peptidomimetic compounds, either agonists, substrates or 
inhibitors, have been described for a number of SU * 
as opioid peptides, VIP, thrombin, HIV protease, etc. Methods for 
designing and preparing peptidomimetic compounds are known in the art 
(Kempf, D.J, Mefho* Enzyme,. 241:334-354 (1994); Hruby, V. J 
sj lym e. 33:1073-82 (1993); Wiley et «... ^ ^ ^ ^ 
(1093) Claeson, G„ Stood Coagul. Fibrinous 5:411-436 (1994)). These 
S. may be used to prepare capped or uncapped peptidomimetic 
1 c possess at least the binding capacity and specificity of the tnpep de 
Id preferably also possess the biological activity. Knowledge of peptide 
che^S and genera, organic chemistry available to those skilled ,n the 
art are sufficient for the design and testing of such compounds. 

For example, such peptidomime.ics may be identified by inspection 
of the cvstallographioally-derived three-dimensional structure of a pept de 
—n. Alternatively, the structure of a tripeptide of the invention 
bound to its receptor(s) can be gained by the techniques of nudear 
magnetic resonance spectroscopy. The better know edge of the 
stereochemistn, of the interaction of, for example SNS, capped or 
uncapped, with its receptor will permit the rational design of such 
peptidomimetic agents. 

"^T^— teW^n^Nbiton/", "angiogenes s 
inhibiting" or "anti-angiogenic" include vasculogenesis and are mtended 
to mean effecting a decrease in the extent, amount, or rate of 
™scu^a,ion. Effecting a decrease in the extent, amount or rate o 
Xlll proliferation or migration in the tissue is a specific example 

of inhibiting angiogenesis. 

The term "angiogenesis inhibitory composition refers to a 
composition which inhibits angiogenesis-mediated processes such as 
endothelial ce„ migration, proliferation, tube formation and subsequently 
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leading to the inhibition of the generation of new blood vessels from 
existing ones, and consequently the inhibition of angiogenes.s-dependent 

d ' SeaS Ts used herein, the term "angiogenesis-dependent disease" is 
intended to mean a disease where the process of angiogenesis or 
vasculogenesis sustains or augments a pathological condition. 
Angiogenesis is the formation of new blood vessels from pre-existing 
capillaries or post-capillarv venules. Vasculogenesis results from the 
formation of new blood vessels arising from angioblasts which are 
endothelial cell precursors. Both processes result in new blood vessel 
formation and are included in the meaning of the term 
dependent diseases. Similarly, the term "angiogenesis as used here n is 
Wended to include de novo formation of vessels such as that ansing from 
vasculogenesis as well as those arising from branching and sprouting of 
existing vessels, capillaries and venules. 

Angiogenesis, including vasculogenesis, is an important 
physiological process, without which embryonic development and wound 
healing would not occur. However, angiogenesis is also inappropriately 
recruited into numerous pathological conditions as a means ; to provide 
adequate blood and nutrient supply to the cells within the affected A sue. 
Many of these pathological conditions involve abberant eel, proliferation or 
regulation. Such conditions in which angiogenesis is believed to be 
important are referred to herein as angiogenesis-dependent °« ease ^ 
However, methods of the invention also can be used beneficially to inhibit 
angiogenesis associated with normal physiological processes. For 
example the inhibition of angiogenesis associated with the menstrual 
cycle can be prophylac.ically used as an effective method of irth control. 
Therefore, the description below in reference to the treatment of 
I ogenesis-dependent diseases are also applicable to the 
norma, angiogenic responses where a prophylactic or therapeutic need or 
benefit exists. 

Angiogenesis-dependent desease include, for example, 
inflammatory disorders such as immune and non-immune inflammation 
rheumatoid arthritis, chronic articular rheumatism and ^ ^ 
associated with inappropriate or inopportune invasion of vessels such as 
diabetic retinopathy, neovascular glaucoma, retinopathy of prematurity, 
macular degeneration, corneal graft rejection, retrolental fibroplasia, 
rubeosis, capillary proliferation in atherosclerotic plaques and 
15 



osteoporosis; and cancer associated disorders, including for example, 
solid tumors, tumor metastases, blood born tumors such as leukemia^ 
angiofibromas, Kaposi sarcoma, benign tumors such as 
acoustic neuromas, neurofibromas, trachomas, and pyogenic granulomas, 
5 as well as other cancers which require neovascularization to support 
tumor grow*. Additional examples of angiogenesis-dependent diseases 

nclude for example, Osier-Webber Syndrome; myocardial ang,ogenes,s. 

plague neovascularization; telangiectasia; hemophiliac joints and wound 

granulation. Other diseases in which angiogenesis plays a role ,n the 
,0 maintenance or progression of the pathologica, state are known to ^those 

skilled in the art and are similarly intended to be included withm the 

meaning of the term used herein. 

,5 The compounds of the instant invention were tested for the,r 

angiogenesis inhibiting activity in several assay systems in , v*o. 
Endothelial cells, for example, human umbilical vein endothelial ce«s 
(HUVEC) or human microvascular endothelial cells (HMVEC) wh.ch can 
be prepared or obtained commercially, were mixed at a conoen rafion of 

20 2 x 105 cells/mL with fibrinogen (5 mg/mL in phosphate buffered sahne 
iPBS, in a 1-1 (v/v) ratio. Thrombin was added (5 units/mL final 

plate (0.5 mL per well). The fibrin gel was allowed to form and then 
vascular endothelial growth factor (VEGF) and fibroblast growth factor 
25 basic (FGF2) were added to the wells (each at 5 ng/mL final 

37 °C in 5% C0 2 for 4 days at which time the cells ,n each well were 
oounted and classified as either rounded, elongated with no branches, 
elongated with one branch, or elongated with 2 or more branches^ 
30 Results are expressed as the average o, 5 different wells to each 
ooncentration of compound. Typically, in the presence of ano^erac 
inhibitors, cells remain either rounded orform undifferentiated tubes e.g.. 
0 or 1 branch,. This assay is recognized in the art to be P"**"* 
angiogenic efficacy (or angiogenesis inhibiting activity) ,n wvo (Grant at 
35 I In Vitro Cell Dev. Biol. 27A;327-336 (1991); Min et al„ Cancer Res. 
56:2428-2433 (1996)). . 

in an alternate assay, endothelial cell tube formation ,s observed 
when endothelial cells are cultured en Matrigel® matrix-coated plates, 



20 



25 



commercially available Becton Dickinsor ,of 

M al J Cell Physiol. 165:107-118 (1995)). Endothel.al cells (1 x 104 

lelja e transferred onto Matrig* matrix-coated 24-we,, pla.es, and 
uteTolation is quan.itated after 48 hours. Inhibitors are tested by 
adding them either a, the same time as the endothelial cells or at vanous 

Thrash models angiogenesis by presenting to the endothelial 
cells a particular type of basement membrane, namely the layer of matnx 
I h ^ gr tg aid d.fferentiating endothelial cells might be expected to 
first encounter. In addition to bound growth factors, the matnx 
opponents found in Matrigel* matrix (and in basement membranes 
TnsL) or proteolytic products thereof may also be sfimulatory for 
endothelial eel, tube formation which makes this model complementary to 
the fibrin gel angiogenesis model. „™ Pn t 
Additionally, angiogenic activities of compounds of the pre ent 
invention were evaluated by the chick chorioallanto.c membrane (CAM) 
assay (Oikawa et al., Cancer Lett. 59:57-66 (1991)). 

Mrthnrt-s "f Administration 

^ s a method of inhibi «ng angiogenes.s ,n 

tissue by administering an angiogenesis-inhibitory amount of the SNS 
•peptide, an analogue, a mimetic or a chemical derivafive thereof. 

The invention further provides a method of treat.ng an 
angiogenesis-dependent disease in an animal by administering an 
angiogenesis inhibitory amount of the SNS tripep.ide. an analogue or a 
functional equivalent thereof. 

The invention also provides a method of inhibiting ag,ogenes,s- 
dependent disease in a human by administering an ™#°*>™» 
inhibitory amount of the SNS tripeptide, an analogue or a funcfional 
equivalent thereofi ^ ^ ^ 

admin^ed to a tumor bearing animal to determine the inhibit^ , acfivfiy 
or efficacy of the peptide on tumor growth, compared to a non-ant - 
an ? enesis peptide control. A decrease in the rate or extent of tumor 
growth or a disappearance of the tumor correlates w,th the ant,- 
I g To enic activity and efficacy against progression of an ang.ogene.s- 
dependent disease. For a description of tumor beanng an,mal models 



30 



35 



17 



,. for example, U.S. Paten, No. 5,639.725, which is hereby incorporated 



see 
by reference 
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analogue or chemical derivative in any of the above method* the pe *de 
can be administered within a concentration range known ,n the art to be 
nd cative °f an inhibitor's activity in a particular assay. For examp^a 
o"tion of a polypeptide inhibitor which yeilds inc ca ve results ,n 
,he bovine capillary endothelial cell assay is generally about 
00 1 000 ng/ml. Similarly, the concentration of a po,y P ept,de ,nh,b,to 
Ic would yield a positive resul, for a polypeptide inhibitor ha, ,s achve 
against angiogenesis in a CAM is generally about, for example, 

deseed above are about 250 pg twice weekly or 10 mg/kg da> , for 
f ! „H 1 -> 5 uo daily or 1 mg twice a week, respectively. Further 

methods a^o can mjme , cs or chemica , de nvat,ves. 

art will know or can determine an effective amount of the SNS tnpept.de, 

As used herein, the term "angiogenesis inhibitory amount ,s 
intended to mean an amount of an SNS tripeptide, analogue, m,met,c or 



chemical derivative of the invention required to effect a decrease in the 
extent amount or rate of neovascularization when administered to a 
H ue anima, or individual. The dosage of an SNS tripept.de. analogue 
Tetic or chemical derivative required to be therapeutic* effec ve w,„ 
5 depend for example, on the angiogenesis-dependen. disease to be 
real the route and form of administration, the potency and big-aetive 
h!«e of the molecule being administered, the weigh, and condition of 
he tissue, animal or individual, and previous or concurrent therapies. . The 
appropriate amount applioation o, the method can be determines by those 
,0 skLd in the art, using the guidance provided herein. For example, the 
amount can be extrapolated from In vitro or in vivo ang.ogenes.s assays 
described above. One skilled in the art will recognize that the condition of 
Sent needs to be monitored throughout the course of therapy and 
that the amount of the composition administered can be adjusted 

15 ^"o 9 : inhibiting angiogenes.s or treating an angiogenesis-dependent 
disease an angiogenesis inhibitory amount of a peptide of the invention 
can be for exampL, between about 10 pg/kg to 500 mg/kg body weigh,, 
for example between about 0.1 mg/kg to 100 mg/kg, or preferably 
20 betwT ou, I mg/kg ,o 5 0 mg/kg, depending on the treatment regime, 
^example, if a peptide is administered from one to severe, times a day, 
then a lower dose wou.d be needed than if a peptide were administered 
week ; or monthiy or less frequently. Similarly, formulations tha allow 

25 a smaller amount of a peptide than would be administered as a single 
bolus dose. For example, a peptide can be administered at 
4 mg/kg/week. 
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Myfi ^^peptide, analogue, mimetic or chemical derivative of the 
invention can be delivered systemically. such as intravenously ■„ 
intraarterially. An SNS tripeptide, analogue, mimetic or chemical 
dative can also be administered locally at a site of angiogenes.s. 
Appropriate sites for administration of SNS tripeptide, analogue, mimehc 
or c emical derivative are known or can be determined by those skilled in 
Z ad depending on the clinical indications of the individual be,ng treated. 
For example, the SNS tripeptides, analogues, mimetics or *em,cal 
derivatives, having inhibitory activity described above can be provided as 
19 
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isolated and substantially purified proteins and protein fragments as well 
as insoluble aggregate In pharmaceutical, accept^ formu, „ons us.ng 
formulation methods known to those of ordinary skill ,n the art. These 
formulations can be administered by standard routes, including for 
example, topical, transdermal, intranasal, intraperitoneal, intracranial, 
intracerebroventricular, intracerebral, intravaginal, intrautenne, oral, rectal 
or parenteral (e.g., intravenous, intraspinal, subcutaneous or 
intramuscular) routes. In addition, an SNS tripeptide, analogue, m,me c 
o chemical derivative can be incorporated into biodegradable polymers 
allowing for sustained release of the compound, the polymers be.ng 
planted in the vicinity of where drug deliver is desired, for example, a, 
the site of a tumor or implanted so that the SNS tripept.de. analogue, 
mimetic or chemical derivative is released systemically over time. 
Osmotic minipump peptides, analogues, mimetics or *em,ca derrva ,v s 
can also be used to provide controlled delivery of high concentrations of 
SNS tripeptide, analogue, mimetic or chemical derivative through 
cannulae o the site of interest, such as directly into a metastatic growth o 
nto the vascular supply of a tumor. The biodegradable polymers and their 
use are described, for example, in detail in Brem et al:, J. Neurosurg 
74-441-446 (19911, which is incorporated herein by reference. 

The SNS tripeptide, analogue, mimetic or chemical derivative can 
also be administered in conjunction with with an additional therapeutic 
compound selected from the group consisting of chemotherapeutics^ 
anlotics. antivirals, antiinflammatories, targeting compounds cy okines, 
immunotoxins, anti-tumor antibodies, angiogenic inhibitors, an.,-edema 
aaents radiosensitizers and combinations thereof. 

The invention provides compositions of SNS tripeptide, analogue, 
mimetic or chemical derivative together with a pharmaceutical. 
Tcceptable medium and formulations. Such compositions can be used in 
a method of the invention to inhibit angiogenesis or treat an 
ng genesis-dependentdisease. For example, an SNS tripeptide, 
analogue, mimetic or chemical derivative can be adm,n,stered as a 
solution or suspension together with a pharmaceutical, acceptable 
medium Such a pharmaceutical, acceptable medium can be, fo 
Txample water, sodium phosphate buffer, phosphate buffered saline 
ZZ saline or Ringer's solution or other physiologically 
or other solvent or vehicle such as a glycol, glycerol, an o,l such as ol.ve 
oil or an injectable organic ester. 

20 



15 



20 



25 



30 



The SNS tripeptide, analogue, mimetic or chemical derivative 
formula, on include those applicable for parenteral administration such as 
Xl eous, intraperitoneal, intramuscular, intravenous, intradermal. 

o vaginal administration. The SNS tripeptide, analogue, mimetic or 
o lm a derivative formulations can be presented in unit dosage f rm 
and can be prepared by pharmaceutical techniques well known to those 
si" n the art Such techniques inc.ude the step of bringing into 
as o i ton the active ingredient and the pharmaceutical earner s) or 
eSLnt(s). The SNS tripeptide, analogue, mimetic or chemica 
d vie of the invention also can be delivered to an — 

a Z of gene therapy methods Known in the art «"™£L 

known in the art and used for delivery and express.on of the encoding 
sequence to achieve an angiogenesis inhibitor amount. Applicable 

ector and deliver systems Known in the art include, for example, 

e, viral vectors, adenovirus vectors, adenoassociated 

conjugated particles and nucleic acids for targeting, isolated DNA and 

RNA liposomes, polylysine, and cell therapy, including hepahc cell 

Zz employ ng the transportation of cells modified to express SNS 

Shea et al., Nature Biotechnol. 17.551 K 

herSin s;: e o!re n xamples of methods we,, Known in art are described in 
T lTed States Patent No. 5,399,346; United States Patent 

s 460 959 5 506 125; European Patent Application No. EP 0 779 365 A2, 
PCT No WO 97H0343; PCT No. WO 97/09441; PCT No. WO 97/10343, 
21 
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a„ of which are incorporated herein by reference. Other memo s own 
to those skilled in the art also exist and are similarly applicable for the 
deliver of an angiogenesis inhibitory amount of an SNS tripeptide, 
analogue, mimetic or chemical derivative by expressing the encoding 
nucleic acid sequence. 

The present invention also relates to encoding nucle,c adds and 
vectors useful in the gene therapy methods and can be prepared by 
methods known in the art. Compositions containing such nucleic ac,ds_ 
vectors and pharmaceutical acceptable medium are also proved The 
pharmaceutical acceptable medium should not contain elements that 
would degrade the desired nucleic acids. The methods of using SNS 
peptides, analogues, mimetics or chemical derivatives can employ any 
of the various species of SNS tripeptides, analogues, mimetics and 
chemical derivatives previously set forth. 

Non-SNS sequences can impart structural or functional 
characteristics onto the peptides of the invention. Targeti ng , of an ^SNS 
tripeptide, analogue, mimetic or chemical derivatrve to the Site of aberrant 
angiogenesis confers the additional therapeutic advantage of anchor ng 
he peptide a, the site of the pathological condition. This -It there ore 
sustains a high effective concentration of the peptide d,ffus,ble into the 
angiogenic area over time and essentially allows for continuous local 
administration o, SNS tripeptide, analogue, mimetic or chemical derivative 
to the site of angiogenesis. 

Additionally, two or more SNS tripeptides, analogues, mimetics or 
chemical derivatives of the invention can be administered in the methods 
of the invention to inhibit angiogenesis or to treat an 
angiogenesis-dependent disease. Similarly, one or more SNS peptides, 
analogues, mimetics or chemical derivatives can be admmistere in 
combination with one or more SNS tripeptides, analogues, mimetics or 
chemical derivatives to inhibit angiogenesis or treat an 
angiogenesis-dependent disease. Therefore, vanous combinations and 
pe mutations of SNS tripeptides, SNS analogues, SNS mimetics and SNS 
chemical derivatives and combinations thereof can be administered in the 
methods of the invention for the effective inhibition of angiogenesis and 
treatment of an angiogenesis-dependent disease. 

SNS tripeptides, analogues, mimetis and chemical derivatives and 
combinations thereof can also be delivered in alternating administrations 
so as to combine their angiogenic inhibiting effects over time. For 
22 



10 



example an SNS analogue can be administered in a single bolus dose 
o owed by multiple administrations of one or more SNS 
o n combination with an SNS tripeptide, analogue mimetic : or chemical 
derivative. Whether simultaneous or alternating deliver of the SNS 
lltide analogue, mimetic, chemical derivative or combination thereof, 

P emodeof administration can be any of those types of adm,n,str^ons 
described previously and will depend on the particular therapeuhc need 
and efficacy of the SNS tripeptide, analogue, mimetic or chemical 
de ivative selected for the purpose. Determining which species of SNS 
peptide analogue, mimetic or chemical derivative to combine ,n a 
r^oMo coline in a temporally administered regime, will depend on 
the angiogenesis-dependent disease and the spec.fic physical 
characteristics of the individual affected with the disease. Those skilled ,n 
the art will know or can determine a specific cockta or regime of 
15 administration which is effective for a particular application using the 
teachings and guidance provided herein together with diagnostic and 
clinical criteria known within the field of art of the particular 
angiogenesis-dependent disease. 

20 Thera peutic Applications 

The methods of inhibiting angiogenesis or treating 
angiogenesis-dependent disease by administering SNS '"peptide 
analogue mimetic or chemical derivative additionally can be practiced in 
n^onwithothertherapies. ^^^CZ^ 
M contemplate use of such administration in conjunction with other therapies 
25 su ^conventional chemotherapy directed against solid tumors and for 
L control of establishment of metastases. The administration of 
anaiooenesis inhibitor is typically conducted during or after chemotherapy 
a rime wh e the tumo r tissue should respond to toxic assault by inducing 
30 agenesis to recover by the provision of a blood supply and nutrients to 
me tumor tissue Additionally, it is preferred to administer such 
"enel inhibition procedures after surgery where solid tumors have 
heen removed as a prophylaxis against metastases. 

The present composition can be used as we,, in conjunction with 
35 other angiogenesis inhibitors. Angiogenic inhibitors are known ,n the art 
35 ^canUrepared by known methods, example, angiogenic 
inhibitors include integrin inhibitory compounds such as «v integr n 
Inhibitory antibodies, cell adhesion proteins or functional fragments thereof 
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, ,L 93-2002-2007 (1996); Rastinejad et al., Ce// 56.345 35b 
Sc/. USA 9^uuz v Q2-7799-7803 (1995); Maione et 

Gupta et al., Proc. Nafl. Acad. Sc. USA 92.7799 /a \ ) 
a. Science 247:77-79 (1990): Angio.illo et al., ^ Exp. Med. 8Z1 55 162 
M995V Strieteretal., Biochem. Biophys. Res. Comm. 210.51 -57 (1995), 
(iyyo), ouieiw , MQQ5V Cao et al., J. Exp. 

20 Voest et al., J. Natl. Cancer Inst. 87.581-586 (199b) g9 

Lses et a,., Scence, 248,408-1410 (1 9 »e r . £ La, /nves, 
25 59:44-51 (1988) and U.S. Patent Nos. 5,092,885, 5,112,946, 

E2£ml Sa.ions suitable for parenteral administration inolude aqueous 

M ^rS.SSS butters, bacteriostats and solutes 
In, Other formulations inolude, for example, aqueous and 

S IMid oalr, immediately prior to use. Extemporaneous in.eCon 



solutions and suspensions can be prepared from sterile powders, 
granules and tablets of the kind previously described. 
9 A pharmaceutical acceptable medium can additionally co t n 
physiologically acceptable compounds that act. for example, to stab,,,ze or 
increase the absorption of the SNS tripeptide, analogue, mimetic or 
'ZZ derivative Such physiologically acceptable 
for example, carbohydrates such as glucose, sucrose or dextrans 
an7ox!dan,s such as ascorbic acid or glutathione; chelating agents such 
as EDTA, which disrupts microbial membranes; divalent metal ,ons such 
as calcium or magnesium; low molecular weight proteins; lipids or 
losomerorotherstabilizersorexoipients. An SNS tripeptide, analogue, 
mimetic or chemical derivative can also be formulated with a 
Zrmaceutioalfy acceptable medium such as a biodegradable polymer. 

'-"^f^^ by this invention is the use of the angiogenesis- 
inhibitory tripeptides, analogues, mimetics or chemical denvat, ves ,n 
po, meric formulations. The tripeptides can be covalent.y attached by 
surface grafting, co-polymerization, non-covalently incorporate into a 
, malror othele encapsulating as biomedical materials. Mo ulat.on. 
and control of new blood vessel formation is an essential part of 

angiogenic and anti-angiogenic factors must be maintained. The 
tripeptides may be used in conjuction with known promote s of 
5 angiogenesis, functional biomedical materials such as implant and 
prosthetic materials, scaffolds for tissue engineering, wo— 
materials ex vivo artificial organ materials, that modulate new blood 
!T b mation in tissue. The polymeric formulations may a so be used 
for sustained release of the antiangiogenesis-inhibitory peptides for 

Cn of new blood vessel formation. This is one example o a rug 
delivery method involving conjugation of the ant,ang,ogenes,s- nhibitory 
peptide to a carrier material that can be used to locally deliver the 
angiogenic effects of such a formulation in angiogenes.s-dependent 
diseases. 

FXAMPLES 

Having now generally described the invention, the same will be 
more readily understood through reference to the following examples 
25 



30 



35 



wh ,ch are provided by way of illustration, and are not intended to be 
limiting of the present invention, unless speeded, 
genera! Methods 

Qi3Sn ^eaaents were chemical grade and purchased from Sigma 

All reagents w scientific (Bridgeport, NJ). 

Chemical Co. (St. Lou,s, MO) orth o 
Cortisone acetate, bovine serum albumin BSA) and g 
WpeBfrom bovine sKin)^ 

Se « Selo, phosphate buffered salt so,u«on 
G Supplement (1-1 -be) imwv, obtained 

(PBS, with and ^f^^^^ln endothelial 

from Gibco BRL (Grand Island, NY). Human u 

ceTs (HUVEC), Endothelial cell basal medium (-«™*"»- ™£ 

Diego, CA). Human prostrate (T SUF^um atrixand 
American Type Culture Collection (*>*f^^ Dic g kinson (Bedford , 

0 Ri - r Labora,ories ' SPAFAS Avian 

Products & Services (North Franklin, CT). 

25 ESEM ^S£ described were prepared via ~+«££Z» 

Phase Pepetide Synthesis. A Practical * PP p AL . PE G-PS resin 

w f9000» The solid-phase, high load hal i^co r 

(H BTU)/diisopropylethylam,ne (DIEAU 0/« o equiv alen.s) in 
resin loading) and FMOC-protected am.no acids t q 
di methy.foramide (DMF) at room temperature for 4^ 

(2) FMOC deprotection: 20%v p.pendme in DMF for 1.5 n, 

<3) - * • «** products 

( TFA)/triisopropylsilane (TIS) at room w h 
26 
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were triturated with ethyl ether and lycphilized from aqueous solution^ 

HPLC, where purity was estimated to be ™<™™^° p ^ s ^ 
contaminants are polyethylene glycol residue from 
OH NMR spectrum peak at 83.6 ppm). The larger pept,des^Ac Asn Ty 
Tyr Ser-Asn-Ser (SEQ ID NO:2). Ac- Ser-Asn-Ser-Tyr-Ser-Phe-Trp-Leu 
So ID O:3)a d Ac-Cys-Asn-Tyr-Tyr-Ser-Asn-Ser-Tyr-Ser-F e-Trp- 

SsEQ ID NO:4) were prepared using the same peptide synthesis 

methods. 

SynttesjsofSNS^^ 

fSis of the library was carried out in Quest 210 i synthesizer 
using 5 mL Teflon® reaction tubes (registered trademark of E h de 
Nemours and Company of Wilmington, DE). Solid phase pep de 
synThesTs was performed using the FMOC method on Argoge. R,nk es,n. 
Repeffl e cycles of deprotection and coupling were performed unt the 
Sd length peptide was formed. The peptides were then acylated and 
cleaved from the resin. 
Procedure - 

RW-FMOC (200 mg, 0.064 mmo.) was weighed into a 
5 mL reaction vessel and washed with 3 mL DMF. A so u on of 20 M 
nioeridine/DMF (4 mL) was added and the resm was ag.tated for 
2 mi u es The reaction mixture was filtered and the procedure repeated 
wlf esh 4 mL aliquo, of 20% piperidine solution for ^an add,,ona. 
20 minutes. The resin was then drained and washed w,t 5 mL DMF four 
times. A 5 minute agitation was used during each wash step. 

To'the'reaction vessel were added 0.6 mL dry DMF, followed by 
3 equivalents each of the first N-FMOC-amino acid and 1 - 
hydroxybenzotraizole (HOBt) as a 0.5 M solut.on ,n *y DMF. The res.n 
was agitated for 1 minute followed by the addition of 3 equivalents of 
HBTU as a 0.5 M solution in d^ DMF. The resin was agitated for 4 hours 
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then drained and washed 5x with 4 mL DMF, again employing a 5 minutes 
aqitation per wash. 

The deprotection procedure and coupling procedure were repeated 
for the second and third FMOC-amino acids. After the third amino ac.d 
5 was coupled, it was again subjected to the deprotection procedure. 
Acylation: 

The resin from the above procedures was treated w.th 3 mL of a 
1-1-2 mixture of acetic anhydride:diisopropylethylamine:DMF for 1 hour. 
The resin was drained and washed repeatedly with DMF. 
0 Cleavage: 

To the resin were added 3 mL of 50% TFA / methylene chloride 
solution. The resin was agitated for 1 hour. The resin was filtered and the 
filtrate collected. The filtrate was added slowly to ice cold ether, caus.ng 
precipitation of the desired product. The precipitate was collected by 
,5 filtration and dissolved in 50% aoetonitrile solution. The solution was 
lyophilized to give the desired product as a sol.d. 

The meaning of abbreviations is as follows: "sec" means 
seoond(s), "min" means minute(s), "h" means hour(s), "d" means day(s), 

■uL" means microliter(s), "mL" means mi ter(s), "L" means liters, »mM 

20 means millimolar, "M" means molar and "mmol" means millimole(s). 

FXAMPLE 1 
i„hihitinn nf Fnrtothel'°' Cejl lube Formation 
Differentiation by endothelial cells was examined using a method 
25 developed by Grant et al. (In Vitro Cell Dev. Biol. 27A:327-336 (1991)). 
Matrigel® matrix, phenol-red free (commercially available from Becton 
Dickinson, Bedford, MA) was thawed overnight at 4-C. Using cold pipette 
tips 3 0 mg/well of Matrigel® matrix was placed in a cold twenty-four- 
multiwell plate (Falcon). Matrigel® matrix was allowed to polymenze 
30 during incubation at 37°C for 30 min. 

Human umbilical vein endothelial cells (HUVEC) were mainta.ned 
at 37°C with 5% C0 2 and 95% humidity in endothelial cell growth med,um 
with 2% fetal bovine serum (EGM). Tube assay was performed in 
endothelial cell basal medium (EBM) supplemented with 0.5% bovme 
35 serum albumin (BSA) and 1:100 diluted ,nsulin-Transfernn-Se lenium-G 
supplement (l-T-Se, 100X). HUVEC were trypsinized and centnfuged and 
subsequently, washed twice in phosphate buffered saline (PBS). After 
counting, cell density was adjusted to 35,000 cells/mL. 
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At final concentration of 35,000 cells/mL/well were treated with 
recombinant human fibroblast growth factor basic (FGF2) at 100 ng/mL 
and peptides (see below) dissolved in EBM medium at to a concentration 
of 0.015 pmcl. Treated cells were incubated overnight at 37°C with 5% 
C0 2 and 95% humidity to allow cell attachment. 

Subsequently, the medium was aspirated and cells were fixed and 
stained using a modified HEMA-3 stain kit. Digital images of microt.ter 
well sections were collected using a DKC5000 3-CCD color video camera 
system (Toshiba America, New York, NY) and analyzed with the Image- 
Pro Plus software (Media Cybernetics, Silver Spring, MD). The area and 
major axis length of stained cells having a tubular morphology on the 
Matrigel® matrix surface (Becton Dickinson, Bedford, PA) counted from 
5 images/well. 

The following four peptides were tested: acetyl-Ser-Asn-Ser- 
carboxamide (Structure 1), acetyl-Asn-Tyr-Tyr-Ser-Asn-Ser (SEQ ID 
NO-2) acetyl- Ser-Asn-Ser-Tyr-Ser-Phe-Trp-Leu (SEQ ID NO:3) and 
acetyl-Cys-Asn-Tyr-Tyr-Ser-Asn-Ser-Tyr-Ser-Phe-Trp-Leu (SEQ ID NO:4). 
Table 1 and Figure 1 clearly illustrate that acetyl-Ser-Asn-Ser- 
carboxamide (Structure 1) is a very potent inhibitor of FGF2-stimulated EC 
tube formation in vitro. Area data is expressed in units of 1 0« square 
microns and length data is expressed as length/area in units of mm/mm*. 

TABLE 1 

Microscopic Analysis of EC Tube Formation 



Sample 


Concentratio 
n 


Cell Tube 
Formation (area) 


Cell Tube Formation 
(length) 


PBS 




1.0554 +/- 0.11 


41.3611 +/- 2.61 


FGF2 


100 ng/mL 


2.2501 +/- 0.28 


79.8272 +/- 8.66 


acetyl-SNS- 
carboxamid 
e 


0.015 umol 


1.1011 +/-0.12 


47.5267 +/-4.31 



Table 2 illustrates that acetyl-Ser-Asn-Ser-carboxamide 
(Structure 1) was a more potent inhibitor of FGF2-stimulated EC tube 
formation in vitro than the larger peptides. Percent inhibition data is 
expressed as the quotient of the experimental value minus the negative 
control value (EBM medium) divided by the difference between the 
positive control value and the negative control value. 
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TABLE 2 

Average % Inhibition of EC Tube Formation by Peptides 



^ISaTnpleTT 


MW r 


0.015 u I 
mol 


% inhibition cell 
tube formation | 
(area) 


% inhibition cell 
tube formation 
(length) 


acetyl-SNS- 
carboxamid 
e 


347.33 


5.20 ug 


97% +/- 8 


84% +/- 9 


SEQ ID 

NO: 3 


787.79 


11.80 u 


75%+AT - 


65% +/- 3 


SEQlD 
NO:4 


~l044.1 ~~ 
4 


15.65 u 

g 




54% +/- 3 


SEQ ID 
NO:5 


1587.7 
4 


23.8 ug 


55% +/- 2 


49% +/- 1 



FXAMPLE 2 
Naovasci 'iar^ation cm the CAM and 
Microscopic Ana'y°'° of r.AM Sections 
In vivo neovascularization was examined by the method previously 
,0 described by Auerbach et al. (J. Dev. Biol. 41:391-394 (1974)). Ten-day 
old embryos were purchased from Spafas, Inc. (Preston CT and we e 
incubated at 37°C with 55% relative humidity. In the dark w,th the help of 
a candling lamp a small hole was punctured in the shell concealing the a,r 
sac with a hypodermic needle. A second hole was punctured in the shell 
15 on the broadside of the egg directly over an vascular portion of the 

embryonic membrane, as observed during candling. A false a,r sac was 
created beneath the second hole by the application of negative pressure 
to the first hole, which caused the chorioallantoic membrane (CAM to 
separate from the shell. A window, approximately 1 .0 cm* was cut ,n the 
20 .hell over the dropped CAM with the use of a small crafts gnndmg wheel 
(Dremel Division of Emerson Electric Company Racine, Wl) which 
Sowed direct access to the underlying CAM. Filter disks of #1 Iter paper 
(Whatman International, United Kingdom) were soaked in 3 mg/mL 
^isone acetate (Sigma, St. Louis, MO, in a solution o, 95% ethano and 
25 water and subsequently air dried under sterile condrtions. FGF2 (Life 

Technologies, Gaithersburg, MD) was used to grow vessels on the CAMs 
of 10-d old chick emb^os. Sterile filter disks adsorbed with FGF2 
dissolved in PBS at 1 ug/mL were placed on grow.ng CAMs. At 24 h, test 
compounds or control vehicle was added directly to CAMs topically. 
30 
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CAM tissue directly beneath FGF2-saturated filter disk was 
resected from embrycs treated 48 h prior with compound or control. 
Tissues were washed three times with PBS Sections were placed n a 
35-mm petri dish (Na.ge Nunc, Rochester, NY) and examined under a 
35 mm pei » Thornwood, NY) at 50X magnification. 

SV6 stereomicroscope (Karl Zeiss, nornwo 

Digital images of CAM sections adjacent to filters were collected using a 
3 CCD color video camera system (Toshiba America, New York, NY) and 
analyzed with the Image-Pro Plus software (Media Cybernetics, Silver 
Spring MD) and can be seen in Figure 2. Table 3 contains the number of 
ve Lei branch points contained in a circular region equal to the area of a 
Z e d sk counted for each section. Percent inhibition data is expressed 
as the quotient of the experimental value minus the negative contto, value 
divided by the difference between the positive control value and the 
negative control value. 



15 



Average % 



TABLE 3 

Inhibition of Angiogenesis in the CAM Model 




j^jrihibjtion^^ 



100.23 
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FXAMPLE 3_ 
r.hnrinallantoic Membrane TumoxAssays 
Ten million tumor cells were placed on the surface of each CAM 
and were cultured for one week. The resulting tumors were excised and 
c t into 50 mg fragments. These fragments were placed on ad ,t,o al 
CAMS and treated topically or systemica.ly by intravenous mjec .on the 
lowing day with the test agents. Forty-eight hours later, CAMs were 
e cTed from the egg and the number of blood vessels entenng the tumors 
Re counted (as vessel branch points). Data is presented as mean blood 
vessel number per treatment group ( + /- standard error of measurement). 
Each treatment group incorporated at least ten tumors per experiment. 
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EXAMPLE* 
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inhibitions^ 
Ten million tumor cells were placed on the surface of each CAM 
n d old emCo) and were cultured for one week. The resulting tumors 
lel lZ Tand cut into 50 mg fragments. These fragments were 
Zce*rl*o^ CAMS and treated topically the following day 

OX magnifcation. Tumors were then excised from the egg and tumor 
ZZ determined for eaoh tumor. Data is presented as mean 

the groin of human prostrate tumors in wVo by direct injection ,n«o he 
tumo figure 3). Six tumors out o, the ten injected with 45 pg acetyl- 
SeTIsn-Ser-carboxamide (Structure 1) showed significant weigh 
L^Kage after 7 d <111%„ inhibition at 45(1 00% a ve mh**on at 16 pg). 

EXAMPLE5 

^^^^^-^genic activity of acetyl-Ser-Asn 



letters signify L-amino acids (natural), the small letters signify D-amino 
acids (unnatural) and t4Hyp signifies frans-4-hydroxyproline. 



°HO^ HO 


„ o "(Co 


°HO J W 


O 

o Anh, o 




Exact Mass 361 16 
Md Wt 361 35 


SNS C, 2 H 2 ,N 5 0 7 




Me^ N-^A N "T^ NH 2 
SGSC, 0 H, 8 N4O 6 


°T OH 

SES C^H^N-jAj 


SNS C, 2 H 2 ,N 5 0 7 




°HO- 

SDSC, 2 H 20 N 4 O B 


°HO'" 


SNsc, 2 h 2 ,n 5 o 7 




Md Wt. 348 31 


Exact Mass 347 14 






„A° v NH;0 

t4Hyp-NS C„h 23 n 5 o 7 

Exact Mass: 373.16 
Mol Wt : 373.36 


A" V»^o» 

t4Hyp-N-t4Hyp C, 6 H 25 N 5 0 7 
Md Wt : 399 40 


0 "VnhToh 
SN-t4HypC, 4 H 23 N 5 0 7 

Md Wt.: 373 36 





The above fifteen peptides and acetyl-Ser-Asn-Ser-carboxam.de 
(Structure 1) were tested for their anti-angiogenic effect in human 
endothelial tube formation as described in Example 1 (Figure 4). The 
three most potent compounds SQS, SNs and SN-t4Hyp were also tested 
in the CAM assay as describe in Example 2 (also in Figure 4). Figure 5 
illustrates the angiogenesis inhibiting effect of the SNS tripept.de 
analogues in the CAM model. Table 4 shows dose response data for 
SQS, SNs and SN-t4Hyp analogs in the CAM assay. 
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TABLE 4 

% Inhibition of Branch Points in FGF2-lnduced CAM Assay 



Concentration 
^g/CAM 


SQS 


SNs 


SN-t4Hyp 


1 


101% +/-7 


62% +/- 7 


39% +/- 1 1 


5 


121% +/-6 


78% +/- 6 


60% +/- 7 


15 


82% +/- 7 


69% +/- 8 


71% +/- 8 
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